The main aim of this research is to analyse the effects of a Voice Recognition System (VRS) used for improving phonological awareness and reading skills of preschool children. A quasi-experimental pre/post-test design with non-equivalent control group was used in third year of preschool education. The pupils (n=18) were randomly assigned to an experimental or control group. The experimental group received seven training sessions on the use of VRS. The pre/post-test evaluation of phonological awareness and reading skills was carried out by LolEva, a test in a software format (Peralbo et al., 2015) . Our results show a significant improvement in the experimental group in connection with phonemic and syllabic awareness. Improvements were also observed, although not statistically significant, in reading skills.
In this literacy teaching task, phonological awareness plays an essential role when learning how to read (Alegría, 2006; Nithart et al., 2010 ), yet acquiring it usually requires educational support (Defior, 2008; Mayor and Zubiauz, 2011) . Nowadays, we know the different levels involved in developing it and also how to help children overcome the difficulties they are faced with when applying it to the different segmentation levels of a given word. Moreover, it is evident that those children who obtain a greater degree of phonological awareness in their oral language have a better chance to learn to read and write (Carroll, Snowling, Stevenson, and Hulme, 2003) .
As Coltheart (1978) pointed out in his dual-route model, phonological mediation occurs during the first years of reading and it is therefore essential for teachers to have at their disposal tasks which allow them to further it as part of the day-to-day activities they carry out with their pupils in the classroom. The intervention procedure we have designed is one of the many existing options to help consolidate this learning.
During these last few years, new technologies have been incorporated into the literacy learning programmes as a way to improve classroom interaction and motivate children, about tasks which are not always easy to tackle (Godwin-Jones, 2009; Tunmer, 2008) . However, as MacArthur, Ferretti, Okoli and Cavalier (2001) pointed out in their meta-analysis of literature on the use of technology to teach slightly disabled pupils how to read and write published between 1985 and 2000, the studies undertaken in this field do not always offer the necessary methodological consistency and, even though they appear to be efficient where lexical access is concerned, they do create additional needs. Nonetheless, new technologies arouse great expectations because of their compensation effect, in particular for those who are somehow disabled in terms of speaking, writing, associating, pointing and so on.
In the case of phonological awareness, the teaching nature of the tasks employed can sometimes cause them to be distanced from the natural use of language, which is typical of spontaneous communication contexts, and technology may help to place these tasks in as interactive a context as possible. Hatcher, Hulme and Ellis (1994) also point out the importance of the joint work done on phonology and reading by comparing the effects of different training programmes on the ability of seven-yearolds with reading difficulties to perform both of these skills. For them, the most efficient way to improve reading skills involves integrating the training in phonological skills into reading acquisition, as treating them separately (reading and phonology) is less effective.
Writing with VRS may be a task which comprises a great part of these interactive features. This technology has been used for language teaching (Chiu, Liou, and Yeh, 2007; Liaw, 2014) , as well as in the sphere of special educational needs (Abad et al., 2013; Koester, 2001; Mader, 2008) and likewise in the field of language and communication disorders (Bruce, Edmundson, and Coleman, 2003; Caute and Woolf, 2016; Ferrier, Shane, Ballard, Carpenter, and Benoit, 1995; Hux, RankinErickson, Manasse, and Lauritzen, 2000; Miles, Martin, and Owen, 1998) .
Using a VRS programme as a writing tool means inverting the usual reading process during the initial stages (as shown in Figure 1 ) regardless of the learning methods employed (Barreto, 2012; Fernández-Amado, Peralbo, and Mayor, 2005) . It involves generating the idea first, then articulating it clearly, seeing it in writing and reading it.
In the word recognition process, the software can make lexicalization mistakes so that the "dictated" word does not correspond to the one transcribed on the screen (by the VRS). That is when educational intervention becomes possible and when the possibility to work on the phonological awareness becomes more evident than ever, regardless if the lexical or phonological way is being used to access the meaning of a written word (Patterson and Shewell, 1987) . The fact that the VRS only produces existing words is highly useful from an educational point of view, since it works on reading acquisition through the lexical path.
The mistakes found in the words that are transcribed (e.g. "to" instead of "too") thus lead to the need for the pupil or the teacher to intervene to correct them, thereby inducing phonological awareness tasks which refer to manipulating the linguistic segments of rhyme, syllable and phoneme (Castles and Coltheart, 2004) .
As Barreto (2012) points out it is important to consider that for the VRS to have any effect on the learning of writing, children must have overcome the stage at which they believe the graphic signs have not been produced by them, but by the adult or the computer itself . From there, they realize the writing is the result of their oral activity, although they cannot identify the meaning of what is written, to shortly after, understand that this meaning corresponds to the idea they wanted to communicate.
Taking into account what has been put forth so far, our objective has been to check the effect of the VRS as a possible segmentation strategy inducing tool within the framework of phonological awareness activities and, consequently, to verify its repercussion on some of the skills involved in reading acquisition in five-year-old children in preschool education. Introducing the VRS is expected to lead to significant improvements in rhyme, syllable and phoneme tasks, as well as in those tasks involving letter recognition and the reading of regular, irregular (visual path) and pseudo-words (phonological path).
Method Participants
The sample was formed by 26 five-year-old pupils attending to year 3 of Spanish Preschool Education who were randomly divided into an experimental group and a control group. With the purpose that both groups were comparable, it was established as an exclusion criterion not to get a total score less or greater than 1.5 standard deviations in LolEva (a computer application designed to evaluate phonological awareness and reading skills; (Peralbo et al., 2015) ). This allows to homogenize the sample in phonological awareness and early reading competence. This accounts for the different number of people in the two groups. The EG was made up of 7 pupils and the CG of 11 pupils. Both groups were considered to be comparable to each other, as they did not differ significantly in the phonological awareness and reading competence pre-test measures (Tables 1 and 2 ).
Design
The study was conducted using a quasi-experimental pre/post-test design with non-equivalent control group. Since at this level significant effects of instruction that can be mistaken for treatment effects are produced, we chose to focus the study on a single classroom assuming that this leads to a design with small n. Thus, however, contamination of the style, the method or the teaching pace that different teachers might introduce was avoided. On the other hand, VRS requires individual treatment outside the classroom, therefore those who use it should be absent from class during treatment sessions. This means that even trying that VRS activities and activities in the classroom are similar, there can never be ensured a full equivalence between the children in the control and the treatment group In addition, working with preschool speech technology has technical complications that hinder the use of large samples, especially when exclusion criteria are set, as in this study, to ensure comparability of subjects. Moreover there is the need for all participants to receive treatment sessions at comparable times of the year, since the evolution of the studied skills is fast during the third year of preschool. Thus, two groups were formed in a preschool classroom of third year at a private school that was chosen following criteria accessibility. Within the classroom the 26 students were randomly assigned to the treatment group and the control group. The first (EG) was exposed to a teaching programme by means of the VRS, the second (CG) performed ordinary classrooms tasks during the same period of time.
Instruments
A computer application called LolEva (Peralbo et al., 2015) was used to evaluate phonological awareness and reading skills. This test consists of two protocols aimed at evaluating -(1) phonological awareness (PA) and (2) early reading competence (RC). Within the first group there are seven sub-tests considering the levels of rhyme, syllable and phoneme in different tasks focusing on identifying adding and omitting syllable or phoneme segments, at the beginning and at the end of a word. The second protocol evaluates different degrees of letter recognition -capital and lower-case letters -as well as word reading -regular, irregular and pseudo-words. In the study published by Fernández-Amado, Peralbo and Mayor (2005) a detailed description of each task and the selection criteria used for the different items can be seen. The internal consistency of the test is 0.94 for the phonological awareness subscale and 0.92 for early reading skills subscale (Peralbo et al., 2015) .
Recognising rhyme: identifying which drawing out of three does not rhyme with the other two.
Identifying syllables (beginning/end): identifying which drawing ends (or begins) with the same syllable as the model (five items for the beginning and five for the end). Every child is given four drawings each (one model and three which make up the options which the children are to choose from).
Adding syllables (beginning/end): saying what word is formed after adding a syllable at the beginning or the end of the model word (five items for the beginning and five ones for the end). In each one, three-syllable words are used.
Omitting syllables (beginning/end): saying what word is formed after removing a syllable at the beginning or the end of the model word (five items for the beginning and five ones for the end). All of the selected words have three syllables.
Identifying phonemes (beginning/end): identifying which drawing out of three begins (or ends) the same way as the model (five items for the beginning and five for the end).
Adding phonemes: saying what word is formed after adding a sound (phoneme) at the beginning or the end of the model word (five items for the beginning and five for the end).
Omitting phonemes: saying what word is formed after taking away a sound (phoneme) at the beginning or the end of the model word (five items for the beginning and five for the end).
Identifying capital letters: reading 29 capital letters aloud.
Identifying lower-case letters: reading 29 lower-case letters aloud.
Reading regular words: reading ten regular words, i.e. ones that are composed of direct phonemes those which to which one and only one grapheme correspond and vice versa (/m/, /s/, /t/, /n/, and so forth).
Reading irregular words: reading ten irregular words, i.e. ones that have one or more exceptional graphophonemes. Such phonemes correspond to several graphemes (/b/, /j/, /z/, /k/, /rr) and the graphemes (/r/, /c/, /g/) of these words correspond to several phonemes.
Reading pseudo-words: reading ten pseudo-words which were constructed based on the words which make up the regular words questionnaire, either by changing the order of the syllables or the letters or by adding/omitting a letter.
This paper shows the data reflecting the number of correct answers for each task.
Procedure
The pre/post-test evaluations were carried out individually for a month.
The pupils underwent the Dragon Naturally Speaking ® VRS training phase in a first session, before starting to work with the experimental group. It is a matter of getting the VRS to recognise the differential voice features of each child. In order to do so, the teacher asks them to say after him/her (reading the text shown on a screen). After the initial training, all the sessions have the same outline. To begin with, the child says the date, their name and age and the VRS transcribes it to the screen. The teacher subsequently starts a conversation with the child asking them to tell the computer something. This task, furthermore, involves having the child review the words that appear on the screen. The phonological awareness training arises when the VRS writes something different to what the child actually said. That is when the instructor suggests that the child should compare what they said to what they can actually see in writing on the screen, thereby inducing the child to perform a (syllable or phonemic) segmentation task needed to identify the word which the computer did not transcribe correctly. This process ends when the child repeats the word to the computer, articulates it clearly and it is written correctly on the screen.
With the aim of ensuring that the sessions followed their course adequately and that the sequence of tasks performed was measured, each training session was registered and subsequently transcribed onto a control template on which the following information was recorded: the pupil's linguistic production, their self-corrections, the segmentations tasks carried out, as well as the help given.
While every child in the experimental group performed these tasks individually outside the classroom, the rest of their classmates, from the experimental and the control groups alike, went on with their usual everyday classroom activities.
Results
The statistical analysis was undertaken by comparing the performance achieved by the experimental and the control groups in pre and post-test, by means of the MannWhitney U SPSS v.19 test for two independent samples. In order to analyze the control group and the experimental group´s evolution throughout the course independently, their results at pre-test and post-test were independently compared using the sign test with Wilcoxon rank. The selected statistics are, in both cases, non-parametric. The reason has to do with the small sample size and the inability to ensure that the requirements for the application of parametric tests are met.
Phonological Awareness
The results obtained show no differences among Control and Experimental groups in pre-test (see Table 1 , Figures 2 and 3) . So, the EG reached a significantly higher achievement level than the CG in the following skills of the post-test:
Syllable awareness.
The findings show that the EG achieved a significant improvement in: Adding an initial syllable, Adding a final syllable and Omitting an initial syllable. The Sum of adding syllables is also significant in post-test.
Phonemic awareness.
The results show that the EG achieved a significant improvement in: Adding an initial phoneme and Adding a final phoneme. So, the Sum of adding phoneme is also significant in post-test.
Regarding the score on all the phonological awareness tests (um all phonological tasks), the results indicate that both groups were comparable at pre-test, whereas significant differences between them occur in the post-test (see Table 1 , Figure 5 ). 
Reading Competence
As in phonological awareness tasks, there were no significant differences between groups in the pre-test. However, in this case the effects of treatment, although being remarkable in some cases, are not statistically significant in the post-test, (see Table 2 and Figures 4 and 5) .
The findings show that the EG achieved a significant improvement in all of the reading tests that involved lexical access (reading regular, irregular and pseudo-words). In the case of reading uppercase and lowercase letters, there are no differences between the two groups because of a ceiling effect in this reading process (especially in the case of capital letters). After checking the differences between the two groups before and after treatment, we analysed the evolution that everyone had throughout the school year during which the treatment was implemented. We can consider the changes that have occurred in the control group as a reference to understand how the introduction of treatment sessions in the experimental group could affect its evolution. As seen in Table 3 , the improvements in the control group occur as a result of schooling in: adding syllable at the end of the word, omission of syllable at the beginning of the word and adding phoneme at the beginning of the word. In the experimental group, however, the changes are produced in syllable identification at the beginning of the word, adding syllable at the beginning, adding syllable at the end of the word, omission of syllable at the beginning of the word, phoneme identification at the beginning of the word, adding phoneme at the beginning, adding phoneme at the end of the word, omission of phoneme at the beginning and end of the word. Nevertheless, in both groups, the total profits in phonological awareness throughout the evaluated year period are positive and significant. Id In the case of tasks related to reading, both groups improved significantly in all along the year (see Figure 4) . The only exception occurs in the experimental group in the task of reading regular words, despite being his improvement in right answers higher than the control group (p-value in this case was .068). In the case of reading letters assignments both groups reach the test ceiling, while in those assignments involving reading words this effect tends to occur in the experimental group. Also in the task of reading irregular words, which is more complex, is the experimental group that gets the best results.
In short, these findings confirm our first hypothesis: training with the VRS as well as being taught how to do the metaphonological tasks which are derived from those lead to an improvement in phonological awareness skills. Our second hypothesis is likewise confirmed: this type of teaching does result in an enhanced reading competence during its initial stages; and it more specifically improves performance as far as reading words and pseudo-words is concerned. This is so because the lexical and phonological paths providing access to the meaning of words are used in a more adequate and functional manner.
Discussion
The main objective of this paper is to verify whether the educational use of a VRS can help to improve the segmentation skills involved in the development of phonological awareness and the ones connected with Early Childhood Education children (five-year-old) learning how to read and write.
Generally speaking, our findings indicate that using the VRS helps to produce significant improvements, not only in terms of phonological awareness, but in where reading words is concerned. This advance is seen at virtually all levels of phonological awareness, yet it is particularly evident in those which involve analysing infrequent segments (omitting in an initial position) and linguistic segment synthesis (adding). This progress can most likely be accounted for by the fact that the present training stressed those skills which are usually the least taught ones in the field of ordinary pre-reading classroom activities.
On the other hand, the absence of significant differences between both groups in different tasks, can be due to a number of different reasons. In some cases, it may have something to do with the task being quite easy for fiveyear-olds (e.g. rhyme and letter recognition). In other cases, it may be owing to more complex cognitive requirements that the different segmental analysis tasks used entail; some of them would need more training sessions in order to achieve a significant differential effect.
The different degrees of complexity concerning the phonological awareness tasks has been analysed not only in Spanish (Jiménez and Ortiz, 1995) , but in other languages too (Cossu, Shankweiler, Liberman, Katz, and Tola, 1988) . In this respect, the levels of phonological awareness are established in accordance with the demands involved in the same tasks -linguistic code (segment), cognitive resource availability (attention and work memory) and the explicit level of requirement for the segmentation activity itself (task + the position of the segment).
According to that, our findings agree with previous ones and they reflect that there is an evolutionary course in phonological awareness. They also establish that syllable segmentation is easier to solve than the phonemic one (Carroll et al., 2003) .
Our data also confirm that the position of the phonological segment in question in a given word causes an additional complexity. The positive effects of training on the capacity to manipulate the structure of the word with regard to the syllable especially show themselves, at this age, in the adding task (adding to the beginning or the end) and in the omission one (above all the initial one). The significant improvement achieved from training in the phoneme-related tasks is situated in the tasks connected with adding and omitting the initial phoneme, as well as in the one referring to identifying the final phoneme.
Thus, we can observe that the position of the unit to be manipulated in the word has an important effect. In our case, manipulating the final position units presents us with a different degree of complexity depending on the task and the segment being worked with. This variability, which has also been analysed in other studies where the training was systematic, rather than incidental, leads us to think about the need to value the conjugated effect which the unit to be manipulated (syllable/phoneme) together with the position of the segment (initial/final) and the type of task involved (identification, addition, omission).
Moreover, the procedure used has produced an improvement with regard to reading words (regular and irregular) and pseudo-words. This increase in the use of the phonological path allows us to reach the conclusion that the VRS generates an incidental training context. Depending on what type of transcription "error" is made, different metaphonological skills helping to analyse a given word are developed. This repeated practice results in developing greater competence in segmentation skills which will progressively permit reading more and more complex words.
Our findings also endorse the interest in working on phonology and reading jointly, as Hatcher, Hulme and Ellis (1994) among others pointed out. Interpreting the improvement achieved in both competences points to a "convergence" process which appears to be promoting the complementary development of the two paths, i.e. the lexical and phonological ones. They are both necessary in order to reach a balanced reading capacity. In this respect, the VRS constitutes an ideal procedure to offer activities capable of fomenting the articulation between oral and written language in pupils, providing them strategies guaranteeing progress during the first stages of reading. All of this evidently happens in a mediation context in which the school master/mistress helps the pupil identify what the task requires, while also giving the pupil a framework for what we call incidental learning, no matter what method is being used for learning to read.
Using the VRS as a support for reading/writing learning thus presents us with some advantages which we can summarise below. Firstly, it generates a context where meaning and comprehension precede oral expression and conversation in written text and where the message makes complete sense in the pupil's social context. Secondly, transforming the oral message into text helps to understand the notational value of the written signs, reusing the phonological path which gives access to the words systematically and since the automatic writing is followed by the visualisation of each word, whose meaning has previously been elaborated, the system makes it easier to work on reading comprehension. Thirdly, permanent reviewing practice in order to "compare" the degree of correspondence between oral production and the written word helps to develop the lexical path.
To conclude, the findings obtained in this study allow us to think of the possibility to improve in-classroom reading learning by means of using ICT, taking advantage of these technologies' flexibility to adapt ourselves to the individual characteristics of pupils who have reading learning difficulties, whether they are specific or of a broader nature.
Among the limitations of this work are those related to the difficulty to customize the voice recognition in preschool children who cannot read the evaluation texts and whose articulation does not always facilitate a suitable voice recognition. As Barreto (2012) points out, the implementation of speech technology facilitates the acquisition of literacy, but also introduces costs and complexities that should be taken into account. Technological research should help resolve these problems if a completely widespread use in education is intended.
Although the individual application of this technology is difficult to use in schools, more studies aimed at verify the different effect that VRS have on children with different levels of language development, or with different initial levels of phonological awareness development are necessary. To know what early ages are possible to reach with these systems is important for their educational and clinical use.
